SUMMARY : A total of 164 strains originally regarded as NAG vibrios were studied. Of them, 12 were excluded by preliminary biochemical tests based on the description of the genus Vibrio proposed by the IAMS Subcommittee on Taxonomy of Vibrios, because they were glucose oxidizers, gas producers from glucose, glucose non-fermenters, or oxidase-negative bacteria.
The 142 strains were divided into 2 biotypes from their physiological and biochemical characteristics.
Of the 2 biotypes, biotype 10311 gave positive lysine and ornithine tests, but negative arginine test : produced acetoin from glucose ; produced acidity from citrate and mucate in Kauffmann-Petersen's broth ; gave positive cholera red test ; and were sensitive to vibriostatic substance and novobiocin. These characteristics were identical with those of the genus Vibrio. The percent content of guanine plus cytosine of the DNA of the biotype was 44.8, a value close to that reported for the known Vibrio spp.
On the other hand, the second biotype 6332 was different from biotype 10311 in the tests mentioned above. The content of guanine plus cytosine of the DNA was 62.0 in this biotype.
These results indicated that biotype 6332 was of anaerogenic aeromonads, known as Aeromonas formicans or A. caviae.
These conclusions were also confirmed by means of numerical analysis. In addition, 5 strains of V. cholerre biotype eltor which were employed for comparison, were associated with the majority of the strains of biotype 10311 at a high level of over 90 % S value. From the results of both orthodox and numerical classification, the authors suggested that biotype 10311 should be placeed in the same species, V. cholerae, as the true cholera vibrios and El-Tor cholera vibrios.
The authors also suggested that revision should be made in the proposed description of the genus Vibrio recommended by the JAMS Subcommittee on Taxonomy of Vibrios, so that several biochemical characteristics may be added to it to differentiate the Vibrio spp. from the anaerogenic Aeromonas, Plesiomonas, and related bacteria.
When 10 strains of biotype 10311 and 5 of biotype 6332 were inoculated into the gut of the infant rabbit, all of the former produced diarrhea similar to that caused by the cholera vibrio, but none of the latter did. Recently, McIntyre and Feeley (1965) studied 82 non-cholera vibrios isolated fromm patients with diarrhea in East Pakistan. They found two biochemical groups within the vibrios, and identified these groups as members of Vibrio and Aeromonas, respec lively. However, they did not refer to the taxonomy of the vibrios.
INTRODUCTION
It is the purpose of the present paper to clarify the taxonomical position of the so-called NAG vibrios.
MATERIALS AND METHODS
Strains employed: A total of 164 strains listed in Table 1 were used for the present studies. Of the 164 strains, 129 were collected as NAG vibrios from patients with diarrhea and from contacts during certain field studies of cholera in the Philippines, and. 22 NAG vibrios supplied by Dr. R. Hugh, of the George Washington University School of Medicine, Washington, D. C. ; the National Collection of Type Cultures, London ; National Collection of Marine Bacteria, Aberdeen ; and Dr. N. K. Dutta, of the Haf kin Institute, Bombay. The remaining 13 strains consisted of 5 of Vibrio cholerae biotype eltor originating from the Philippines ; 3 of Aeromonas formicans supplied by Dr. K_ P. Carpenter, of the Dysentery Reference Laboratory, Central Public Health Laboratory, London ; and 5 of Plesiomonas shigelloides from the authors' own collection.
Morphological, physiological and biochemicall tests and methods :
1. Morphology and Gram-reaction of 18-to 24-hr trypticase soy agar growth.
Flagellation tested by Leif son's method (1951)
. The disposition and number of flagella of representative strains were also examined by the electron microscope.
3. Motility examined with SIM semisolid medium. Kovacs' method (1956) . 5. Oxidation-fermentation test of glucose in Hugh-Leifson's medium (1953).
Oxidase tested by
6. Catalase tested with 10 volumes hydrogen peroxide upon overnight agar growth. 7. Growth in aerobic and anaerobic conditions. 8. Growth in peptone water at 0 C, 22 C, and 37 C within 2 days.
9. Growth in peptone water at pH 6.0, 7.0, 8.0, 9.0 or 9.6.
10. Sodium chloride tolerance tested by growth within 2 days in 0.5, 1, 2, 3, 4, 6 , 8, and 9 % sodium chloride in semisolid agar base containing 0.5 % trypticase and 0.3% agar. 11. Utilization of organic acids as sole carbon source. Tested on ammonium agar (Simmons' agar containing 0.25 % of organic acids). Organic acids used were : succinic, acetic, citric, malic, pyruvic, lactic, malonic, oxalic, and formic acids, all 12. Utilization of tryptophane, phenylalanine, benzoic acid, and catechol as sole carbon source. The substrates were used in a concentration of 0.1 % in ammonium agar base (Simmons'). All were used as a sintered-glass filtered solution. To avoid autoxidation of catechol, basal medium was adjusted to pH 6.5 before it was added to the substrate. 13. Reduction of nitrate to nitrite, tested in 2-day-old culture in peptone water containing 0.1 % potassium nitrate, using Gries-Ilosvey's reagents and zinc powder.
14. Hydrogen sulfide production in Kligler's iron agar.
15.
Urease production within 2 days, tested with Christensen's urea medium.
16. Indol production in 24 and 48 hr in tryptone broth (Difco) culture, using Kovacs' reagent.
17. Acetoin production from glucose in Sasagawa-Ikemura's VP agar (1966) cultures at 30 C for 24 hr, using Barritt's method. The agar medium contained 0 .1 % yeast extract, 0.5 % phytone (BBL), 0.7 % Bacto-peptone, 0.5 % sodium chloride,. 1.0 % glucose, and 0.3 % agar, and was adjusted to pH 7.0 . 18. Acetoin production from 2, 3-butane diol, tested in 2-day-old culture in the medium.
devised by Schubert and Kexel (1964) , using Barritt's method . 19. Utilization of malonate within 4 days, using malonate broth of Ewing , Davis, and Reavis (1957) . 20. Utilization and liquefaction of alginate, using the method described by Davis and Ewing (1964) .
21. Phenylalanine deaminase, tested by the method of Ewing, Davis, and Reavis (1957) .
22. Gelatin liquefaction using the denatured gelatin disc of Kohn (1953) . 23. Casein hydrolysis, using Hasting's method (1904) with 10 % skimmed milk in trypticase soy agar.
24. Serum hydrolysis, observed at 10 days' growth on inspissated serum .
25
. Hide powder breakdown, tested by the method of Evans (1947). 26. Hemolytic activity around well-isolated colonies on trypticase soy agar plate containing 5 % washed sheep red cells. The plate was incubated in anaerobic jar at 30C for 18 to 24 hr. 27. Cholera red reaction, tested by adding 1 or 2 drops of concentrated sulfuric acid to a 2-day-old culture in the medium described by Fujino et al.(1965) , in which 1 % casamino acids (Difco), 1 % sodium chloride, 10-2 M of tryptophane, and 10-3 M of sodium nitrate were contained.
28. Lipase, tested by tributyline in trypticase soy agar.
29. Hydrolysis of starch within 5 days, tested on trypticase soy agar containing 0 .2 % soluble starch and flooded with iodine solution. 30. Esculin hydrolysis within 7 days in a broth culture containing 0.5 % esculin and 0.005 % ferric ammonium citrate. 31. Acid production from ethanol, tested by the method of Shimwell , Carr, and Rhodes (1960) . 32. Acid production of d-tartrate, citrate, and mucate in Kauffmann-Petersen's broth (1956) . 33. Lysine and ornithine decarboxylation, using the medium of MOller (1955) .
34.
Arginine dihydrolation, using the medium of MƒÓller (1955) .
35
. Decomposition of tyrosine, tested for the ability to dissolve 0.5 % tyrosine suspended in trypticase soy agar within 4 days. 36. Gas production from glucose, tested in Hugh-Leifson medium containing 1 % glucose. Inoculation to the infant rabbit gut : Ten-to 14-day-old rabbits were employed for the test devised from Dutta and Habbu (1955) . The rabbit was anesthetized with ether, and a small midline supraumbilical incision was made.
A loop of the small intestine was pulled out through the incision and 1 ml of overnight broth culture of the strainn to be tested was injected into its lumen.
The loop was replaced, and the abdominal wall closed. The animals were observed for evidence of diarrhea or death.
Those showing no sign of illness were sacrificed and autopsied at 4 days.
Base composition of DNA:
Cultures were grown on brain heart infusion agar (Difco) for 12 to 15 hr at 37 C growth on the agar plate was washed three times with saline by centrifugation, and the packed cells were lyophilized. These procedures were performed at the National Institute of Health, Tokyo, and the lyophilized organisms were sent to the Pasteur Institute, Paris, where the DNA was extracted and the base composition calculated.
The lyophilized organisms were washed with phosphate buffer (0.02 M)-EDTA (0.01 M), pH 7.2, and lysed with 0.4 % solution of sodium lauryl sulfate. The DNA was extracted by the techniques of Sevag ; after hydrolysis of the RNA with alkali, the DNA was hydrolyzed with perchloric acid and the DNA base composition calculated by quantitative chromatography (Sebald et Veron, 1963) . The value in mole pere cent was exhibited as G plus C % (guanine + cytosine/guanine + cytosine + adenine + thymine).
RESULTS
The JAMS Subcommittee of Taxonomy of Vibrios (Minute, 1966) The 164 strains was examined in the preliminary biochemical tests, including oxidase, O-F (Oxidation-Fermentation), and gas production tests, based on the provisional description of the genus Vibrio mentioned above. As a result, 12 strains were found to be not vibrios, because they gave a negative oxidase test ; fermented glucose with gas ; oxidized glucose ; or did not attack glucose. On close examination, it was confirmedd that 1, 2, 6, and 3 of the 12 strains were of Escherichia coli, Proteus mirabilis, Aero monas hydrophila (Ewing, Hugh, and Johnson, 1961) , and Pseudomonas aesuginosa,. respectively. Subsequently, these were excluded from the objectives of the present studies. The remaining 152 strains passed the preliminary tests, and further studies were carried out on these strains. Table 2 shows the morphological, and biochemical characteristics of the 152 strains.. All of these strains regarded as vibrios in the preliminary biochemical tests gave positive oxidase test and fermented glucose without gas production. When examined by Leif son's method, they were proved to have a single polar flagellum. However, the 152 strains were divided into 4 biotypes from the results of some tests, such as lysine and ornithine decarboxylation, arginine dihydrolation, cholera red, acetoin production, hemolysin production, mannitol fermentation, acidity production of Kauffmann-Petersen's organic acid broth, growth in 8 % sodium chloride, and susceptibility to the vibriostatic substance and novobiocin. In the (Habs and Schubert, 1962) , since they exhibited lophotrichous flagellation when observed by the electron microscope, decarboxylated lysine and ornithine, dihydrolated arginine within 24 hr, failed to ferment mannitol and liquefy gelatin, and fermented inocitol. Therefore, no further description of these 2 biotypes may be necessary in the present paper.
Biotype 10311 and 6332 consisted of short, rod-shaped bacteria motile with a single polar flagellum, except 2 strains of biotype 10311 which were non-motile. Both of them gave negative reactions in the tests for urease, hydrogen sulfide, malonate, and phenylalanine deaminase, and fermentation of melezitose, melibiose, raffinose, rhamnose, xylose, adonitol, dulcitol, inocitol, and erythritol.
They hydrolyzed gelatin and casein, reduced nitrate to nitrite, utilized citrate, as a sole carbon source, produced indol, and fermented maltose, trehalose, and mannitol. As stated above, however, these 2 biotypes differed from each other in several biochemical aspects which are summarized in Table 3 .
Biotype 10311, to which the majority of the 164 strains studied belonged, comprised organisms which decarboxylated lysine and ornithine, failed to dihydrolate arginine, produced acetoin, hydrolyzed hide powder, produced hemolysin, produced acidity from d-tartrate, citrate, and mucate in Kauffmann-Petersen's broth, gave positive cholera red test, and were sensitive to the vibriostatic substance and novobiocin. When these characteristics of biotype 10311 were compared with those of V. eltor, it was obvious that the biotype belonged to the genus Vibrio.
On the other hand, the strains of biotype 6332, including 24 of the 129 strains collected in the Philippines, were different from those of biotype 10311 in the biochemical aspects mentioned above. As seen in Table 3 , they gave positive arginine dihydrolase tests and negative tests for lysine and ornithine decarboxylases, acetoin, cholera red, hemolysis, breakdown of hide powder, acidity from citrate and mucate, and sensitivity to the vibriostatic substance and novobiocin. These characteristics were identical with those of an anaerogenic aeromonad known as Aeromonas formicans (Pivnick and Sabina, 1957 Heiberg (1935) divided the vibrios into 6 groups based on fermentation of mannose , sucrose, and arabinose. When the 118 strains of biotype 10311 were classified into Heiberg's fermentation groups, 88 % of them belonged to the group I, and a few (II and 3 strains) to groups II and V, respectively. No strains to be distributed into groups III, IV, or VI were contained in the authors' collection. On the other hand, of 24 strains of biotype 6332, 20 were classified into Heiberg's group III, and only 4 into the group II. These results are shown in Table 4 . Inoculation Test to the Infant Rabbit Gut.
Ten strains of biotype 10311 and 5 of biotype 6332, O antigens of which were different each other, were inoculated into the infant rabbit gut. All the 10 strains of biotype 10311 produced diarrhea similar to that due to V. cholerae, while no signs of illness were shown by the 6 strains of biotype 6332.
Numerical
Analysis.
The results obtained from the 142 strains of biotypes 10311 and 6332 of NAG vibrios, the 5 of V. cholerae biotype eltor, and the 3 of Aeromonas formicans, were processed in such manner by the computer as described by Sneath (1957) and as applied by Rhodes (1961) . Eighty tests were performed, as presented in Table 2 . They did not include tests on morphological and some physiological properties, such as temperature range of growth, ability to grow in air, sodium chloride tolerance, and utilization of tryptophane, phenylalanine, benzoic acid, catechol, oxalic acid, malonic acid, formic acid, and alginate. Production of hydrogen sulfide, urease, phenylalanine deaminase, and gas from glucose, hydrolysis of esculin, dissolution of tyrosine, and fermentation of melezitose, melibiose, raffinose, rhamnose, xylose, adonitol, dulcitol inositol, and erythritol were also omitted from the analysis, since all the 142 strains gave negative results in these tests. Consequently, the results of 48 tests were used as bases for analysis. For the convenience of computation the results of each individual test were recorded as positive and negative. Quantitative differences in them among the strains were ignored, except those in the proteolytic tests.
The results of numerical analysis are presented in Fig. 1 as the similarity matrix, which indicates the phenetic groups or phenons obtained by cluster analysis and retabulation.
From the figure, it is clear that the 2 biotypes stated above are well-defined and distinguishable in the numerical classification, as biotype 10311 has been separated from biotype 6332 at a level of 70 % S value on the average.
On the other hand, the 5 strains of V. cholerae biotype eltor and the 3 strains of Aeromonas formicans were associated with a majority of the strains of biotypes 10311 and 6332, respectively, at a high level of over 90 % S value.
The Base Composition of DNA.
The base composition of DNA was determined on each of the strains of the both biotypes. The percent content of guanine plus cytosine (G + C) of DNA in a strain of biotype 10311 was 44.8. The value is close to that reported for known Vibrio spp. (Marmur, Falkow, and Mandel, 1963; Sebald et Veron, 1963; Colwell and Mandel, 1964) . The G+C content of DNA in a strain of biotype 6332 presented a level of 62.0 %, which is close to the value of that in Aeromonas hydrophila reported by Sebald and Veron (1963 to each character. In the numerical classification, similarity of an organism to another is analyzed by using the computer. The third is molecular taxonomy which depends on the base composition of the deoxyribonucleic acid of the bacterial cell. However, ideal classification should satisfy each of the three ideologies, although there is no rule in the bacterial classification.
In the present studies on the so-called NAG vibrios, polarly flagellated, oxidase positive, non-gas producing Gram-negative rods were divided into 4 biotypes from their biochemical properties.
Of the four, two were identified as Vibrio parahaemolyticus and Plesiomonas shigelloides, respectively.
The remaining 2 biotypes were further studied from two other angles, numerical analysis and the base composition of DNA.
The results of these studies show that biotypes 10311 and 6332 can be differentiated from each other not only by Kauff mannism but also by Adansonism. In the Adansonian classification, there are no absolute criteria for deciding the particular level of % S considered appropriate for such various taxonomic units as species and genus. However, Sneath and Cowan (1958) , Cheeseman and Berridge (1959) , and Colwell and Liston (1961) described that a low limit of 55-60 % might possibly be chosen for the generic level and a level of 70-75 % for the species level. On this bases, biotype 10311 and 6332 should be classified into a single genus as the strains of biotype 6332 were separated from biotype 10311 at 66-75 % S level. The base composition of DNA studied, however, indicates that these 2 biotypes should be classified into separate genera. Comparing with V. cholerae biotype eltor and with Aeromonas formicans, it is clear that the strains of biotype 10311 belong to the genus Vibrio, and that biotype 6332 is of anaerogenic aeromonads, for which several specific epithets, such as Aeromonas formicans (Pivnick and Sabina, 1957), A. caviae (Eddy, 1962) , and a biotype of A. hydrophila (Swing, Hugh, and Johnson, 1961) , have been proposed.
That the results of computer analysis are insufficient for any conclusive interpretation of the relationship of Vibrio to Aeromonas was pointed out by Eddy and Carpenter (1964) . Eddy and Carpenter, as well as Park (1962) , considered that it might be logical to incorporate V. comma in the genus Aeromonas, though this organism has morphological and physiological characters which may be so different from those of this genus as to warrant Vibrio to retain its position as an independent genus. On the other hand, it has been clarified that bacteria closely related have nearly similar DNA base composition, and that bacteria with dissimilar DNA base composition can not belong to the same group. As mentioned above, the DNA base composition of vibrios and aeromonads indicates a percent content of guanine plus cytosine ranging from 44.4 to 50.2 and from 57.1 to 62.7, respectively (Sebald and Veron, 1963) . These results lent support to the separation of Vibrio from Aeromonas; though these 2 genera are closely associated at a higher similarity level (66 to 75) in numerical analysis.
In the same sense, the authors support the opinion that the C27 strains belong to the genus Plesiomonas (Nabs and Schubert, 1962) . Ewing, Hugh, and Johnson (1961) classified the C27 organisms into the genus Aeromonas. It was indicated, however, from the results of numerical analysis and the base composition of DNA of the C27 strains and aeromonads that the C27 strains should be excluded from the genus Aeromonas, and that a new genus should be established for them (Eddy and Carpenter, 1964; Sebald and Veron, 1963) .
It is of interest to note that the strains classified into the genus Vibrio (biotype 10311) are associated with V. eltor at a high level of over 90 % S in the numerical classification. These strains were also indistinguishable from V. eltor in physiological and biochemical characteristics.
At present, the term V. cholerae is limited to vibrios agglutinable with O antiserum of O group 1 vibrios of G ardner and Venkatraman (1935) . It is unusual, however, to attribute the serological properties of the organism to a characteristic of bacterial taxonomy.
In the classification of the genus Salmonella, Kauffmann (1959) emphasized to utilize the serotypes as species, but his opinion was opposed by many taxonomists (Cowan, 1964; Ewing, 1964) . The present authors cannot accept his opinion either and would like to emphasize that a bacterial species should be classified by morphological, physiological, and biochemical characteristics. Hugh (1965) suggested that the El-Tor cholera vibrio should be put into V. cholerae as V. cholerae biotype eltor. Sakazaki (1966) Sakazaki (1966) , extending the serological classification of the cholera-group vibrios by Gardner and Venkatraman (1935) , established 33 O antigen groups of cholera and non-cholera vibrios, and put the cholera vibrio into O group 1. No significant relationship was observed among these 33 O groups. Therefore, if the non-cholera vibrios are classified into the species V. cholerae, no cholera vibrios will be mistaken for noncholera vibrios, since the agglutination test with the O group 1 antiserum serves to differentiate non-cholera vibrios from cholera vibrios.
The results obtained in the present studies agree, in principle, with those reported by McIntyre and Feeley (1956b) , who recognized 2 distinct groups, vibrios and aeromonads, among cultures originally regarded as NAG vibrios, though the aeromonads they had studies were aerogenic strains. However, some differences are found in distribution among vibrio strains according to Heiberg's grouping. As mentioned above, the majority of the vibrios of the authors' collection belonged to Heiberg's group I, while the majority of the vibrios of McIntyre and Feeley fell into Heiberg's group II. On the other hand, when anaerogenic aeromonads were divided according to Heiberg's grouping, the majority of these strains belonged to group II and a few to group III. From these results, Heiberg's fermentation grouping has been found unreliable for the differentiation of vibrios from other related organisms.
As described in the previous section, the JAMS Subcommittee on Taxonomy of Vibrios recommended a proposed description of the genus Vibrio. However, anaerogenic aeromonads and other related bacteria may be included in the genus Vibrio, so far as the recommendation is applied in routine diagnostic laboratories.
It should be noted that the NAG vibrios of the authors' collection contained not only true vibrios, but anaerogenic Aeromonas and Plesiomonas organisms, although they had been screened by the preliminary biochemical tests based on the proposed description mentioned above.
Therefore, the authors propose that the following extension should be given to the provisional description of the genus Vibrio recommended by the Subcommittee. Gram negative ; asporogenous rods with a single rigid curve or straight rods ; single polar flagellum ; indophenol oxidase positive ; produce acidity without gas from glucose ; lysine and ornithine decarboxylase positive ; arginine dihydrolase negative ; reduce nitrate to nitrite ; hydrolyse gelatin ; and produce no hydrogen sulfide.
These characteristics have also been confirmed with marine vibrios, such as V. parahaemolyticus (Sakazaki, Iwanami, and Fukumi, 1963) and V. alginolyticus (Sakazaki, 1965) . Ewing, Davis, and Edwards (1960) suggested that differentiation of Vibrio and Aeromonas might be facilitated by the lysine, arginine, and ornithine tests.
Although pathogenicity is not particularly relevant in taxonomy, it is of interest to note that NAG vibrios may resemble the cholera vibrio in their capacity of producing cholera-like diarrhea in the infant rabbit. Since Dutta and Habbu (1955) , experimental cholera in the infant rabbit has been studied for pathogenesis and immunization of cholera by many workers. McIntyre et al.(1965) reported 19 human cases of diarrhea in which non-cholera vibrios had been found in large numbers by direct plating of stools
